Recommended terminology for the description of carbon as a solid (IUPAC Recommendations 1995)
Synopsis -This document deals with the recommended terminology for the description of carbon as a solid as used in the science and technology of carbon and graphite materials. The glossary also contains terms describing related materials, such as precursors for the production of carbon materials, and the processes used in their production. In all, 114 terms are defined, and comments and cross-references are added as notes where appropriate.
PREFACE
Carbon as a solid covers all natural and synthetic substances consisting mainly of atoms of the element carbon, such as single crystals of diamond and graphite, as well as the full variety of carbon and graphite materials.
The terminology used so far is mainly based on technological tradition and on the standardized characterization methods of decades of industrial experience.
Because of the increasing interdisciplinary importance of this group of materials in science and technology, it is obvious that clear definitions of the corresponding terms and modern methods for characterization which are acceptable for all those working in the field are required.
As a first step IUPAC has taken responsibility for recommendations concerning the terminology of "Carbon as a Solid', that are consistent with the scientific nomenclature. These recommendations outlined in the following paper have been prepared by the IUPAC subcommittee SC-1 within the IUPAC commission II /3 (High Temperature and Solid State Chemistry) in cooperation with specialists in carbon science and industry from all over the world.
A total of 114 terms are described in this compilation and the descriptions are supplemented by notes. In so far as is possible, the terms used in the descriptions and notes are self-explanatory but they are cross-referenced where appropriate for ease of use of the glossary. 
Note:
Reference to Acheson in combination with SYNTHETIC GRAPHITE honours the inventor of the first technical GRAPHITIZATION. Today the term ACHESON GRAPHITE, however, is of historical interest only because it no longer covers the plurality of SYNTHETIC GRAPHITE.
See: SYNTHETIC GRAPHITE

ACTIVATED CARBON Description:
ACTIVATED CARBON is a porous CARBON MATERIAL, a CHAR which has been subjected to reaction with gases, sometimes with the addition of chemicals, e.g. ZnCI,, before, during or after CARBONIZATION in order to increase its adsorptive properties.
See: CARBON MATERIAL CARBONIZATION CHAR
Notes:
ACTIVATED CARBONS have a large adsorption capacity, preferably for small molecules, and are used for purification of liquids and gases. By controlling the process of CARBONIZATION and activation, a variety of active carbons having different porosity can be obtained. ACTIVATED CARBONS are used mainly in granular and powdered forms, but can also be produced in textile form by controlled CARBONIZATION and activation of textile fibres. Other terms used in the literature: active carbons, active charcoals.
See: CARBONIZATION
ACTIVATED CHARCOAL
Description:
ACTIVATED CHARCOAL is a traditional term for ACTIVATED CARBON.
See: ACTIVATED CARBON
AGRANULAR CARBON
Description:
AGRANULAR CARBON is a monogranular or monolithic CARBON MATERIAL with homogeneous microstructure which does not exhibit any structural components distinguishable by optical microscopy.
See: CARBON MATERIAL
Notes:
The above definition of a homogeneous microstructure does not pertain to pores and structural components which may be visible by contrast differences in optical microscopy with polarized light. As a consequence, GLASS-LIKE CARBON with visible pores is still an AGRANULAR CARBON. The same is true, for instance, for PYROLYTIC CARBON with preferred orientation, such as conical or lamellar structures, visible in optical microscopy with polarized light. 
The term AMORPHOUS CARBON is restricted to the description of CARBON MATERIALS with localized n-electrons as described by P.W.ANDERSON [PhysRev. 109, 1492 (1958) ].
Deviations in the C-C distances greater than 5% (i.e. f LWX, > 0.05, where x, is the interatomic distance in the crystal lattice for the sp2 as well as for the sp3 configuration) occur in such materials, as well as deviations in the bond angles because of the presence of "dangling bonds". Above description of AMORPHOUS CARBON is not applicable to CARBON MATERIALS with two-dimensional structural elements present in all pyrolysis residues of carbon compounds as polyaromatic layers with a nearly ideal interatomic distance of a = 142 pm and an extension greater than 1000 pm. See: CARBON MATERIAL
ARTIFICIAL GRAPHITE
Description:
The term ARTIFICIAL GRAPHITE is often used in place of SYNTHETIC GRAPHITE.
See: SYNTHETIC GRAPHITE
Note:
This term is not recommended.
BAKING
Description:
The process in which the carbonaceous BINDER, usually COAL TAR PITCH or PETROLEUM PITCH, as part of a shaped CARBON MIX is converted to CARBON yielding a rigid carbon body by the slow application of heat. The process can take as little as 14 days in coarse-grained, electrothermic grades (low binder level) and as long as 36 days in ultrafine-grained, speciality grades (high binder level). The final baking temperature can be in the range of 1 100 K -1500 K, depending on the grade. 
BROOKS AND TAYLOR STRUCTURE IN THE CARBONACEOUS MESOPHASE
Description:
The BROOKS AND TAYLOR STRUCTURE IN THE CARBONACEOUS MESOPHASE refers to the structure of the anisotropic spheres which precipitate from isotropic PITCH during pyrolysis. The structure of the spheres consists of a lamellar arrangement of aromatic molecules in parallel layers which are perpendicular to the polar axis of the sphere and which are perpendicular to the mesophase-isotropic phase interface.
Note:
The term BROOKS AND TAYLOR STRUCTURE is recommended to describe the particular lamellar morphology of the spherules most commonly precipitated from pyrolyzed PITCH. 
Notes:
The level of the tensile modulus of CARBON FIBRES is controlled by the degree of preferred orientation of the layer planes in the direction parallel to the fibre axis. CI1, the elastic constant of graphite single crystals in the direction of the layer planes is 1060 f 20 GPa.
In general, the ratio of tensile strength to tensile modulus is smaller than 1. COAL TAR PITCH is a residue produced by distillation or heat treatment of coal tar. It is a solid at room temperature, consists of a complex mixture of numerous predominantly aromatic hydrocarbons and heterocyclics, and exhibits a broad softening range instead of a defined melting temperature.
Note:
The hydrogen aromaticity in COAL TAR PITCH (ratio of aromatic to total content of hydrogen atoms) varies from 0.7 to 0.9.
COALlFlCATlON
Description:
COALlFlCATlON is a geological process of formation of materials with increasing content of the element carbon from organic materials that occurs in a first, biological stage into peats, followed by a gradual transformation into coal by action of moderate temperature (about 500 K) and high pressure in a geochemical stage.
Notes:
COALIFICATION is a dehydrogenation process with a reaction rate slower by many orders of magnitude than that of CARBONIZATION. Some specific reactions approach completion before others have started. The dehydrogenation remains incomplete. Notes: "CVD diamond" or 'low-pressure diamond" are synonyms of the term DIAMOND BY CVD. DIAMOND BY CVD can be prepared in a variety of ways. Deposition parameters are: total (low) pressure, partial hydrogen pressure, precursor molecules in the gas phase, temperature for activation of the hydrogen and that of the surface of the underlying substrate. The energy supply for the hydrogen activation may be, for instance: heat, radio frequency, microwave excitation (plasma deposition) or accelerated ions (e.9. Ar' ions). CVD diamond has also been obtained at atmospheric pressure from oxyacetylene torches and by other flame-based methods. Often CVD carbon films consist of a mixture of sp2-und sp3-hybridized carbon atoms and do not have the three-dimensional structure of the DIAMOND lattice. EXFOLIATED GRAPHITE is the product of very rapid heating (or flash heating) of graphite intercalation compounds, such as graphite hydrogen sulfate of relatively large particle diameter (flakes). The vaporizing intercalated substances force the graphite layers apart. The EXFOLIATED GRAPHITE assumes an accordion-like shape with an apparent volume often hundreds of times that of the original graphite flakes.
EXFOLIATED GRAPHITE is usually prepared from wellcrystallized NATURAL flake GRAPHITE. It is used for the production of graphite foils. EXFOLIATED GRAPHITE is different from the deflagration product of graphite oxide (graphitic acid 
In general, such deposits are obtained at pressures of 4 0 0 kPa in the temperature region 600 K to 1300 K on metals such as iron, cobalt or nickel. Typical filaments consist of a duplex structure, a relatively oxidation-resistant skin surrounding a more easily oxidizable core, with a metal particle located at the growing end of the filament. They generally range from 0.01 to 0.5 pm in diameter and up to 10 pm in length.
In some systems, the metal particles are located in the middle of the filaments, and there are also examples where several filaments originate from a single particle. 
Notes: GAS PHASE-GROWN CARBON FIBRES transform during GRAPHITIZATION HEAT
TREATMENT into GRAPHITE FIBRES. These show a very high degree of preferred orientation and are particularly suitable for intercalation treatments. The term "vapour-grown carbon fibres" alternatively used in the literature is acceptable. The use of the term "CVD fibres" is not recommended as an alternative for GAS PHASE-GROWN CARBON FIBRES since the term "CVD fibres" also describes fibres grown by a chemical vapour deposition (CVD) process on substrate fibres.
See: GRAPHITE FIBRES GRAPHITIZATION HEAT TREATMENT
GLASS-LIKE CARBON
Description:
GLASS-LIKE CARBON is an AGRANULAR NON-GRAPHITIZABLE CARBON with a very high isotropy of its structural and physical properties and with a very low permeability for liquids and gases. The original surfaces and the fracture surfaces have a pseudo-glassy appearance.
See: AGRANULAR CARBON NON-GRAPHITIZABLE CARBON
Note:
The often used synonyms "Glassy Carbon" and "Vitreous Carbon" have been introduced as trademarks and should not be used as terms. From a scientific viewpoint, all synonymous terms suggest a similiarity with the structure of silicate glasses which does not exist in GLASS-LIKE CARBON, except for the pseudo-glassy appearance of the surface.
GLASS-LIKE CARBON cannot be described as AMORPHOUS CARBON because it consists of two-dimensional structural elements and does not exhibit "dangling" bonds. GRAPHENE is a single carbon layer of the graphite structure, describing its nature by analogy to a polycyclic aromatic hydrocarbon of quasi infinite size.
See: AMORPHOUS CARBON
Notes:
Previously, descriptions such as graphite layers, carbon layers or carbon sheets have been used for the term GRAPHENE. Because GRAPHITE designates that modification of the chemical element CARBON, in which planar sheets of carbon atoms, each atom bound to three neighbours in a honeycomblike structure, are stacked in a three-dimensional regular order, it is not correct to use for a single layer a term which includes the term GRAPHITE, which would imply a threedimensional structure. The term GRAPHENE should be used only when the reactions, structural relations or other properties of individual layers are discussed.
See: CARBON GRAPHITE GRAPHITE
Description:
GRAPHITE is an allotropic form of the element carbon consisting of layers of hexagonally arranged carbon atoms in a planar condensed ring system (GRAPHENE LAYERS). The layers are stacked parallel to each other in a three-dimensional crystalline long-range order. There are two allotropic forms with different stacking arrangements, hexagonal and rhombohedral. The chemical bonds within the layers are covalent with sp2 hybridization and with a C-C-distance of 141.7 pm. The weak bonds between the layers are metallic with a strength comparable to VAN DER WAALS bonding only.
HEXAGONAL GRAPHITE RHOMBOHEDRAL GRAPHITE
See: CARBON
Note:
The term GRAPHITE is also used often but incorrectly to describe GRAPHITE MATERIALS, i.e. 
ISOTROPIC CARBON can also be a GRAPHITE MATERIAL. The isotropy can be gross (bulk), macroscopic, or microscopic, depending on the structural level at which isotropy is obtained. This word is widely used today and its meaning covers all the above levels. For example, the aerospace graphites have isotropy built in by random grain orientation. Some NUCLEAR GRAPHITES are isotropic at the crystalline (sub-grain) level. 31, 518 (1972) . The surface areas determined by the Brunauer-Emmett-Teller (BET) method are apparent surface areas only since the BET adsorption equation is, in principle, not valid when micropore filling occurs. The determination of the true surface area in the micropores depends on the method used for the evaluation of the adsorption isotherms and on the model used for the shape of the micropores (cylindrical, slit-shaped or other). It is solid at room temperature, consists of a complex mixture of numerous predominantly aromatic and alkyl-substituted aromatic hydrocarbons, and exhibits a broad softening range instead of a defined melting temperature.
Description:
MPP-BASED CARBON FIBRES
See: MESOPHASE PITCH-BASED CARBON FIBRES
NATURAL GRAPHITE
Note:
The hydrogen aromaticity (ratio of aromatic to total hydrogen atoms) varies between 0.3 and 0.6. The aliphatic hydrogen atoms are typically present in alkyl groups substituted on aromatic rings or as naphthenic hydrogen.
PITCH
Description:
PITCH is a residue from pyrolysis of organic material or tar distillation which is solid at room temperature, consisting of a complex mixture of numerous, essentially aromatic hydrocarbons and heterocyclic compounds. It exhibits a broad softening range instead of a defined melting temperature. When cooled from the melt, pitches solidify without crystallization.
Notes:
The ratio of aromatic to aliphatic hydrogen depends mainly on the source of the starting material. The hydrogen aromaticity (ratio of aromatic to total hydrogen atoms) varies between 0.3 and 0.9.
The aliphatic hydrogen in pitch is largely associated with alkyl side chains substituted on aromatic rings. The content of heterocyclic compounds in pitches varies depending on their origins. Also the softening temperature can vary in a broad range between about 320 K and 570 K depending on the molecular weight (relative molecular mass) and composition of the constituents. 
PITCH-BASED CARBON FIBRES
Note:
The term RAW COKE is equivalent to GREEN COKE although it now used less frequently.
Description:
RAYON-BASED CARBON FIBRES are CARBON FIBRES made from rayon (cellulose) precursor fibres. 
RAYON-BASED CARBON FIBRES
